Introduction
============

Antimicrobial discovery has been posited to be the single greatest historical advancement in health care. Following the antimicrobial innovation and their widespread use, there has been a conspicuous reduction in the morbidity and mortality associated with a host of formerly fatal diseases. However, the widespread use of antimicrobials has been associated with the emergence of resistance to these agents[@R1]. Antimicrobial resistance (AMR) makes previously effective treatments to become ineffective and leads to persistent infections and increased risk of spread to others[@R2]. AMR has continued to threaten the effective prevention and treatment of a wide range of infections as it increases the cost of healthcare (due to lengthier stay in hospital, additional investigations and use of more expensive medications) and prolongs disability[@R2]. Although AMR could occur naturally over time usually through genetic changes, the misuse and overuse of antimicrobials are accelerating this process. Some factors that influence the occurrence of AMR problems include the availability of antimicrobial drugs without prescription, inappropriate physician prescription, and inappropriate practice of AMR prevention and control among health care workers[@R3]. Therefore the role of doctors and other healthcare workers in reversing the scourge of AMR cannot be overemphasized. Studies have shown that both doctors and medical students agree that AMR is a global public health problem closely linked to inappropriate antimicrobial use. Adequate knowledge of AMR and AMR prevention were also deemed important[@R4],[@R5]. In spite of this, low confidence in the choice of correct antibiotics and self-medication practices have been reported among medical students[@R5]--[@R9]. Medical students being potential doctors who will have to act as patient educators, prescribers and role models of correct antimicrobial use need to be armed with adequate knowledge of AMR and antimicrobial stewardship. Their sound knowledge on AMR should be in addition to their correct personal use of antibiotics. The findings of this study will be useful in the design, inclusion, and implementation of effective antimicrobial stewardship training for medical students. The objective of this study was to assess the knowledge regarding antibiotic use and resistance among pre-final and final year medical school students of Ebonyi State University, Nigeria.

Methods
=======

Survey setting and design
-------------------------

This was a descriptive cross-sectional study of all pre-final (penultimate) and final year medical students at the medical school, Ebonyi State University Nigeria. These students have completed their basic training in pathology (medical microbiology inclusive) and pharmacology at the 4th year level. Ebonyi State University is the foremost university in Ebonyi State, Nigeria. It is the only university currently training student doctors in the state and has produced several sets of doctors since its inception in 1999. As part of the training of medical students, they are exposed to teachings on disease conditions (pathology) and mechanisms of drug action and use (pharmacology) in the 4^th^ year of medical school as this knowledge will serve as the basis for their training in clinical medicine in the 5^th^ and final year. Following this, they will become doctors and prescribe drugs including anti-microbial medications in addition to performing other clinical duties to patients. This study was conducted in April 2018 and as of that time, there were 112 and 72 medical students in the final and pre-final classes.

Study population and data collection
------------------------------------

Data were collected from 112 final and 72 pre-final year medical students (100% response rate respectively). Information was collected using a semi-structured, self-administered questionnaire adapted from previous studies10--12. The first section of the questionnaire collected information on the socio-demographic characteristics of the students while the second section was on knowledge of AMR (Yes/No and True/False) answers. In the third section, Antimicrobial usage/practice was assessed using 4-point Likert scale questions with responses ranged from "Never" to "Always. Data were collected by the research team on a scheduled week-day just before the first lecture of the day. The research team was made up of senior resident doctors in the Department of Community Medicine, Federal Teaching Hospital Abakaliki (FETHA)

Data management/analysis
------------------------

The independent variables were socio-demographics (age, sex, class, ever been taught on AMR), perceived adequacy of AMR knowledge and desire for more AMR education. Dependent variables were knowledge towards AMR and antibiotic usage practices.

A total of 5 questions (True/False) were used to assess knowledge of AMR and was scored 2 points per correct answer. Based on this, knowledge was categorised into poor knowledge (\<7.5 points) and good knowledge (7.5 points and above). Nine questions on a four-point Likert scale assessed antibiotic usage practices. A score of 75% and above was taken as good practice while less than 75% constituted bad usage practice.

Epi-Info Version 7.2 was used for the data entry and analysis. Frequencies and proportions were calculated for categorical variables while means and standard deviations were calculated for numeric/quantitative variables. Frequency tables were used to present the descriptive statistics of the variables. Chi-square statistics was used for bivariate analysis.

Ethical considerations
----------------------

Ethical clearance for this study was obtained from the Research and Ethics Committee of Federal Teaching Hospital Abakaliki, Ebonyi State, Nigeria. Written informed consent was obtained and confidentiality ensured.

Results
=======

One hundred and fifteen (62.5%) of the respondents were males, 126 (68.5%) were aged 25--29 years and 112(60.9%) were in the final year class \[[Table 1](#T1){ref-type="table"}\].

###### 

Socio-demographic characteristic of respondents

  Variable             Frequency(n=184)   Percentage (%)
  -------------------- ------------------ ----------------
  Gender                                  
  Male                 115                62.5
  Female               69                 37.5
  Age group (years)                       
  20--24               38                 20.7
  25--29               126                68.5
  30--34               16                 8.7
  35--39               4                  2.1
  Mean age 26.5±2.76                      
  Class of study                          
  5^th^ year           72                 39.1
  6^th^ year           112                60.9

One hundred and seventy-seven (96.2%) respondents correctly linked indiscriminate use of antimicrobial drugs to the development of antimicrobial resistance. Seventy-two (39.1%) of the students did not know that common cold and influenza were not due to bacterial causes. Most (98.4%) of the respondents knew that antimicrobial resistance was an important global public health issue and 87.0% of them wanted more education on antimicrobial use and resistance \[[Table 2](#T2){ref-type="table"}\].

###### 

Knowledge of antimicrobial resistance among the respondents

  ----------------------------------------------------------------------
  Variable                            Frequency(n=184)   Percentage(%)
  ----------------------------------- ------------------ ---------------
  Indiscriminate use of\                                 
  antibiotics leads to\                                  
  emergence of resistance                                

  True                                177                96.2

  False                               7                  3.8

  If antimicrobials are taken\                           
  too often, they are less\                              
  likely to work in the future                           

  True                                141                76.6

  False                               43                 23.4

  Bacteria cause common\                                 
  cold and influenza                                     

  True                                72                 39.1

  False                               112                60.9

  Antimicrobial resistance is\                           
  an important/serious global\                           
  public health issue                                    

  True                                181                98.4

  False                               3                  1.6

  Ineffective treatment can\                             
  occur due to indiscriminate\                           
  and injudicious antimicrobial use                      

  True                                178                96.7

  False                               6                  3.3

  Would like more education\                             
  on antimicrobial use and\                              
  resistance                                             

  Yes                                 160                87.0

  No                                  24                 13.0
  ----------------------------------------------------------------------

A high proportion of the students (69.6%) sometimes consulted a doctor before using antibiotics, 11.9% usually did so but only 8.2% of them always consulted a doctor before using antibiotics. About 41% of our respondents never stopped taking their antibiotics when they felt better, 36.6% sometimes and 13.1% usually stopped taking their antibiotics when they felt better. Additionally, 37.2% of our respondents never discarded their leftover antibiotic medications, 35.5% sometimes did and 16.4% always discarded their leftover medication. Overall knowledge rating of knowledge of antimicrobial resistance revealed that 119 (64.7%) respondents had good knowledge whereas only 103 (56.0%) respondents had good practice toward antimicrobial use \[[Table 3](#T3){ref-type="table"}\].

###### 

Proportion of respondent with good knowledge of AMR and antibiotic usage

  Variable           Frequency(n=184)   Percentage
  ------------------ ------------------ ------------
  Knowledge status                      
  Good knowledge     119                64.7
  Poor knowledge     65                 35.3
  Practice status                       
  Good practice      103                56.0
  Bad practice       81                 44.0

More male respondents had a better knowledge of antimicrobial use and resistance than their female counterparts (70.4% vs 55.1%; P=0.035). The proportion of respondents with good knowledge of AMR and antimicrobial use were more in the 30--34 age group compared to other age categories; however, this difference was not statistically significant (P=0.579). Eighty-three (65.9%) had good knowledge of antimicrobial use. More respondents in the sixth year class had a better knowledge on AMR and antimicrobial use compared to those in the fifth year but this difference was not statistically significant (69.6% vs 56.9%, P= 0.079) \[[Table 4](#T4){ref-type="table"}\].

###### 

Factors associated with knowledge of antimicrobial resistance

  ----------------------------------------------------------------------------------------------------------
  Variable            Knowledge Status(n=184)   Chi\        P-value   
                                                square\               
                                                (χ^2^)                
  ------------------- ------------------------- ----------- --------- --------------------------------------
  Sex                                                                 

  Male                81 (70.4)                 34 (29.6)   4.455     0.035[\*](#TF1){ref-type="table-fn"}

  Female              38 (55.1)                 31 (44.9)             

  Age group (years)                                                   

  20--24              22 (57.9)                 16 (42.1)   1.967     0.579

  25--29              83 (65.9)                 43 (34.1)             

  30--34              12 (75.0)                 4 (25.0)              

  =\>35               2 (50.0)                  2 (50.0)              

  Class of Study                                                      

  5^th^ year          41 (56.9)                 31 (43.1)   3.093     0.079

  6^th^ year          78 (69.6)                 34 (30.4)             
  ----------------------------------------------------------------------------------------------------------

Statistically significant

More females had better use of antibiotics than their male counterparts but the difference was not statistically significant (56.5% vs 55.7%; P=0.908). The proportion of respondents with good use of antibiotic medications were more in the 25--29 age group compared to other age categories but the difference was not statistically significant (P=0.503). More respondents in the fifth year class exhibited good use of antibiotics compared to those in sixth year and this difference was statistically significant (72.2% vs 45.5%, P= \<0.001) While more respondents with good knowledge also practised good antimicrobial use, the difference was, however, not statistically, significant (59.7% vs 49.2%; P=0.173) \[[Table 5](#T5){ref-type="table"}\].

###### 

Factors associated with antibiotic usage practices

  --------------------------------------------------------------------------------------------------
  Variable            Practice\       Chi\        p-value   
                      Status(n=184)   square\               
                                      (χ^2^)                
  ------------------- --------------- ----------- --------- ----------------------------------------
  Sex                                                       

  Male                64 (55.7)       51 (44.3)   0.013     0.908

  Female              39 (56.5)       30 (43.5)             

  Age group (years)                                         

  20--24              20 (52.6)       18 (47.4)   2.350     0.503

  25--29              74 (58.7)       52 (41.3)             

  30--34              8 (50.0)        8 (50.0)              

  =\>35               1 (25.0)        3 (75.0)              

  Class of Study                                            

  5^th^ year          52 (72.2)       20 (27.8)   12.666    \<0.001[\*](#TF2){ref-type="table-fn"}

  6^th^ year          51 (45.5)       61 (54.5)             

  Knowledge status                                          

  Good knowledge      71 (59.7)       48 (40.3)   1.857     0.173

  Poor knowlegde      32 (49.2)       33 (50.8)             
  --------------------------------------------------------------------------------------------------

Statistically significant

Discussion
==========

Antimicrobial resistance presents a growing concern worldwide[@R13]. Amongst other things, the irrational use of antibiotics has contributed to the progressive loss of bacterial sensitivity to antibiotics and spreading of resistant strains of bacteria, with substantial clinical and economic impact[@R14]. In this study, we assessed the knowledge regarding antibiotic use and resistance among pre-final and final year medical school students of Ebonyi State University, Nigeria.

Majority of our respondents (98.4%) knew that antimicrobial resistance was a global problem and indiscriminate use of antimicrobials could cause resistance. This is in keeping with similar studies done among medical doctors and students where 98% of the respondents in Peru and majority of the respondents in Congo affirmed that antimicrobial resistance was a global problem[@R4],[@R5]. Likewise, most of the respondents (96.7%) knew that ineffective treatment could occur due to indiscriminate and injudicious antimicrobial use. This high level of knowledge on the role of injudicious antimicrobial use on the effectiveness of treatment agrees with findings from other studies[@R10],[@R11]. A greater proportion (60.9%) were aware that diseases like influenza and common cold are not of bacterial aetiology. However, 39% of our respondents wrongly stated that bacteria cause common cold and flu. In contrast, only a lower proportion of 5.8% had such erroneous knowledge in a similar study among second-year medical students[@R12]. This is particularly worrisome as all our respondents had received lectures on medical microbiology which these second year students were yet to receive. Incorrect knowledge on aetiology of viral illnesses and use of antibiotics for these illnesses has also been reported from previous studies[@R15]. Such wrong knowledge may lead to inappropriate high rate of antibiotics consumption which can result in a corresponding increase in bacterial resistance to the used antibiotics[@R16]. Majority of the respondents (88%) also admitted that they needed more education on antibiotic use and resistance. This desire for more knowledge of antimicrobial use and resistance has been reported from other studies[@R17]. Improved knowledge on antibiotic use will boost their confidence in antibiotics prescription and use. The gender of the respondents was associated with knowledge of antimicrobial usage and resistance as more of the male medical students had better knowledge of AMR than the females (P=0.035). Other studies among medical students did not find any relationship between gender and knowledge[@R18].

A significant proportion of the respondents (44%) did not practice correct use of antibiotics. About 20% kept leftover pills at home in case they might need it later. This is in keeping with a study done amongst undergraduate students in Nigeria where 20% reported that they kept leftover antibiotic medications for future use[@R15]. Having leftover antibiotics may imply that either the quantity purchased or the doses prescribed were more than the required dose. It could also be that the regimen was stopped without completing the prescribed doses. The act of keeping remaining antibiotics for future use is not safe and hence, should be discouraged. This is because the availability of the leftover antibiotics will encourage the use of leftover antibiotics without consulting a doctor as has been seen in other studies[@R11]. Sharing of antibiotics with others who have similar symptoms of ill-health may also arise thus further promoting self-medication. A similar study done in Pakistan reported that about 88% of respondents kept leftover pills for future use[@R19]. High rates of having leftover antibiotics at home have also been reported from other studies among medical students[@R11],[@R20]. There is, therefore, need for pharmacists to dispense the exact quantity of drugs in a single course of antibiotics treatment rather than the whole drug pack. They should also counsel patients on the risks associated with an incomplete course of antibiotic therapy. In this study, only about 20%, of our respondents consulted a doctor before starting antibiotics with most of them self-medicating and this practice could lead to antibiotic resistance. Self-medication with antibiotics is defined as the acquisition and self-administration of antibiotics with the aim of treating a perceived infection[@R21]. This practice could lead to antibiotic resistance[@R3]. Our finding is contrary to that from other studies among medical students that showed that 93% of the respondents consulted a doctor before starting an antibiotic[@R10],[@R12]. The practice of consulting a doctor before antibiotic use in these studies could have been because these students had not been taught pharmacology and microbiology in the medical school and thus may have less knowledge and confidence in antibiotic usage. Though all the respondents in this study had been taught on the pharmacology of antibiotics, self-medication practice was still high. Studies have found a proportional relationship between self-medication and students\' class level in the university[@R22]. We also found that about 22% of our respondents stopped the course of antibiotics when they felt better. Similarly, another study carried out in India reported that 13% of the respondents stopped their course of antibiotics when symptoms abated[@R12]. In contrast, higher proportions of non-completion of antibiotic course have been documented among university students in other studies. These students stopped their antibiotics medication as soon as their symptoms disappeared[@R19],[@R23]. Thus, non-completion of prescribed antibiotic regimen is a growing problem globally and should be discouraged to reduce or delay the emergence and spread of antibiotic resistance. Only twenty-seven percent of our respondents had good practice of discarding their left-over antibiotic medications after finishing the prescribed course. This is similar to findings from another study where 30% of the medical students discarded the remaining leftover medications after completion of the antibiotic course[@R10]. Class of study in the medical school was associated with good antibiotic usage (P\<0.001) and good antibiotics use observed to be higher among the fifth year medical students. This could be because the fifth year medical students had recently concluded teachings on medical microbiology and pharmacology in their fourth year class compared to their colleagues in the final year.

This study presents several strengths. Firstly, to the best of our knowledge, it is one of the few studies that have investigated the knowledge and practice regarding AMR and antibiotic use amongst medical school students in south-eastern Nigeria. Secondly, no student refused to complete the questionnaire, resulting in a high response rate. The use of self-report could have introduced potential bias into the study; however anonymous participation was ensured to minimize socially desirable answers. This study was conducted in just one Nigerian medical school and thus its findings may not be generalizable to other medical schools.

Conclusion
==========

This study has demonstrated that medical students in Ebonyi State University have good knowledge of antibiotic use and resistance. However, despite the good knowledge, high rates of incorrect antibiotic usage practices were noticed. Notwithstanding having a sufficient theoretical background, the students do not practice what they learn. Since they will be prescribing antimicrobial drugs following graduation as doctors, there is need to enrich existing courses and training about antimicrobial use with more emphasis on antimicrobial stewardship.
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